To evaluate the effect of heliox on airflow obstruction and dyspnea in patients with acute severe asthma. Design: A prospective, randomized, controlled study. Setting: A university hospital. Patients: Twenty-three patients presenting to the emergency department with acute severe asthma were randomized to receive 70%/30% heliox or 30% oxygen. Measurements: Peak expiratory flow (PEF), dyspnea score, heart rate, respiratory rate (RR), and BP were measured at baseline and 20, 120, 240, 360, and 480 min after starting the test gas. After baseline, the PEF was measured by using the gas that was randomized to the treatment program. Results: In the first 20 min, there was a 58.4% increase in percent predicted PEF (%PEF) in the heliox group (p < 0.001), whereas there was only a 10.1% increase in %PEF for the oxygen group (p > 0.1). Eighty-two percent of the heliox group had > 25% improvement in %PEF at 20 min, whereas only 17% of the oxygen group did (p < 0.01). The next significant improvement in %PEF in the heliox group occurred at 480 min. At the end of the study in the heliox group, the PEF did not significantly (p > 0.1) change immediately after the heliox was discontinued (270.6 to 264.2 L/min). In the heliox group in the first 20 min, there was a significant decrease in dyspnea score and RR (p < 0.05), but there were no further significant improvements for the rest of the study. In the oxygen group, no variables significantly improved until 360 min. Conclusion: Heliox rapidly improves airflow obstruction and dyspnea in patients with acute severe asthma and may be useful as a therapeutic bridge until the corticosteroid effect occurs.
A lthough helium was first used by Barach to treat asthma in 1935, 1 it did not gain widespread acceptance. Only recently has the use of heliumoxygen (heliox) mixtures in the treatment of acute severe asthma been rediscovered. [2] [3] [4] [5] [6] Heliox has been shown to quickly improve ventilation in nonintubated and intubated patients with acute severe asthma and respiratory acidosis [2] [3] [4] and to lower airway pressures in intubated patients. 3 It has also been shown to rapidly decrease airway resistance and dyspnea in nonintubated patients with severe asthma. 5 Because heliox has not been tested in a randomized controlled study, its efficacy has been questioned. The possibility has been raised that concomitant conventional treatment for asthma may explain its beneficial effects. 7 In one review, it has been relegated to the group of unproved alternative therapies for acute severe asthma. 8 The optimal duration of heliox therapy for acute severe asthma is not known. It has been postulated to be 6 to 12 h, 4 which is the reported range of time for the effect of IV corticosteroids to occur. 9 Because patients with acute asthma report less dyspnea with heliox, 5 the purpose of our study was to assess in a randomized, controlled fashion whether this subjective response was associated with an acute improvement in airflow obstruction as measured by peak expiratory flow (PEF), and whether the effect of heliox is maintained during the subsequent 8-h period.
Materials and Methods
The study was reviewed and approved by our Institutional Review Committee. We enrolled 23 adult subjects who presented with acute severe asthma to the Cooper Hospital/University Medical Center Emergency Department from 1992 to 1995. Patients between 18 and 50 years of age were eligible if they had a clinically severe exacerbation of asthma, as defined by a peak flow of Ͻ 200 L/min after treatment with 5 mg of nebulized albuterol. The diagnosis of asthma was made from the patient's history or from the medical record, consistent with the American Thoracic Society criteria. 10 The exclusion criteria included a smoking history defined as Ͼ 10 pack-years total or any smoking in the prior year, a known history of chronic bronchitis or emphysema, chronic Pco 2 retention (Pco 2 Ͼ 45 mm Hg with pH Ͼ 7.35), coronary artery disease, congestive heart failure, cardiac arrhythmias, or current endotracheal intubation.
All patients were initially treated with IV methylprednisolone, 125 mg, and two 2.5-mg nebulized albuterol treatments. If they did not clinically improve and their PEF remained Ͻ 200 L/min, they were then randomized to receive a 70% helium/30% oxygen (heliox) gas mixture via a nonrebreathing mask or 30% oxygen via a Venturi mask. The patients received their test gas approximately 1 h after initiation of treatment. It was determined that it was not possible to maintain blinding in the study, because different masks were needed to control for the inspired percentage of oxygen and patients' voices change with heliox. Immediately before receiving the randomized test gas, an arterial blood gas was drawn and a peak flow measurement, dyspnea score, respiratory rate (RR), heart rate, and systolic and diastolic BP were obtained. These parameters, except for the arterial blood gas, were repeated at 20, 120, 240, 360, and 480 min after starting the test gas. After baseline, the PEF was measured using the gas that was randomized to the treatment program. At 8 h the study was terminated. The parameters were repeated in the heliox group immediately after the heliox was discontinued in order to assess whether there was a clinical effect of heliox after 8 h. Nebulized albuterol, 2.5 mg, was given every 2 h for the 8-h duration, but none was given in the 30 min before or in the first 20 min after the test gas was started. The patients were monitored with continuous pulse oximetry. If a subject failed to maintain a saturation of Ն 90% on 30% inspired oxygen fraction (Fio 2 ), they were withdrawn from the study.
PEF was measured with an Assess Peak Flow Meter (Health Scan Products Inc; Cedar Grove, NJ). The patient was instructed in the proper use of the peak flowmeter by a respiratory therapist, and the value was measured as the highest of three maneuvers. After taking a deep breath of the test gas, the PEF maneuver was performed with a forced expiration into the peak flowmeter. PEF was reported as percent predicted PEF (%PEF). 11 The dyspnea assessment was performed from a visual analog dyspnea scale from 0 to 10 (10 being the maximal shortness of breath). 12 Because the pretest gas Fio 2 varied, oxygenation was reported as the ratio of Pao 2 to alveolar oxygen tension (respiratory exchange ratio is assumed to be 0.8), which has been shown to remain stable with changing Fio 2 . 13 
Statistical Analysis
When assessing the difference between groups, the values were expressed as mean Ϯ SEM. A multivariate analysis of variance with repeated measures was used to assess the differences between and within groups vs time. Two-tailed Student's t tests were used to analyze variables between groups. A 25% increase in PEF at 20 min was determined to be a clinically significant improvement. 14 A Fisher's Exact Test was used to analyze the difference between the groups in 25% improvement in PEF at 20 min. We based our sample size on the prediction that 80% of the heliox group and 20% of the oxygen group would have a clinically significant improvement in PEF. For ␣ ϭ 0.05 and ␤ ϭ 0.2, 11 subjects would be needed in each group.
Results
There were no significant differences between the groups for gender, age, smoking history, years of asthma, duration of asthma exacerbation, or arterial blood gas findings (Table 1) . Before the study, 20 patients were maintained on an inhaled ␤-agonist, 6 patients on theophylline, 3 patients on oral corticosteroids, and 5 patients on inhaled corticosteroids, and there were no significant differences between the groups for these prestudy medications (p Ͼ 0.1). Nineteen of the 23 subjects (83%) were known asthmatics from previous hospital records.
At baseline before the institution of the test gas, the only significant difference between the heliox and oxygen groups was that the heliox group had a higher RR (Table 2) . Notably, there was not a significant difference between the groups for PEF and %PEF. Additionally, there were no significant differences between the groups for accessory muscle use or for systolic and diastolic BP (p Ͼ 0.1). Only one patient, who was in the oxygen group, required endotracheal intubation and mechanical ventilation. Two patients in each group improved enough clinically to be discharged from the emergency department before 480 min (two patients in the heliox group and one patient in the oxygen group were discharged by 240 min, and one patient in the oxygen group was discharged by 360 min). The data from these five patients were not included in the 8-h analysis. Both the heliox and the oxygen group showed a significant (p Ͻ 0.001 and p Ͻ 0.05, respectively) improvement in %PEF during the 8 h of the study (Fig 1) . There was not a significant difference between the groups at each time (p Ͼ 0.1) for %PEF; however, during the entire study, there was a significant difference between the groups (p Ͻ 0.001). In the first 20 min in the heliox group there was a 58.4% increase in %PEF (p Ͻ 0.01), whereas in the oxygen group, there was a 10.1% increase in %PEF (p Ͼ 0.1). In the heliox group, 9 of 11 patients (82%) had a Ͼ 25% increase in %PEF at 20 min, whereas only 2 of 12 patients (17%) in the oxygen group did so (p Ͻ 0.01).
After the first 20-min period in the heliox group, there was not another significant improvement in %PEF until 480 min (p Ͻ 0.01). For the oxygen group, the first significant improvement in %PEF occurred at 360 min (p Ͻ 0.05). For the heliox group at the end of the study, there was not a significant difference in PEF on and off heliox (270.6 to 264.2 L/min; %PEF, 50.4% to 49.2%; p Ͼ 0.1).
There were no interactions of test gas and dyspnea score, RR, heart rate, and systolic and diastolic BP vs time between the groups (p Ͼ 0.1). However, during the first 20 min, the heliox group showed a significant decrease in dyspnea score and RR (Table 2 ). There were no additional significant improvements from 20 to 480 min. In the oxygen group, there were no significant decreases for the same variables during the first 20 min. There was a significant improvement in the dyspnea score between the baseline and 480 min.
Discussion
This is the first study to demonstrate in a prospective, randomized, controlled fashion that heliox causes both a rapid improvement in peak flow and a decrease in dyspnea in adult patients with acute severe asthma that is maintained for at least 8 h. Similar objective improvements have been demonstrated in children. 15, 16 All of the heliox patients had a Ͼ 20% increase in %PEF at 20 min, whereas only two patients of the oxygen group did. Helium, because of its lower density than nitrogen or oxygen and its reduction of the Reynolds number, should alter flow from turbulent to laminar in the large airways, thereby effectively lowering airway resistance. This objective improvement in airflow obstruction, along with the decrease in dyspnea, probably represents a decreased work of breathing secondary to diminished airway resistance. After the rapid improvement in %PEF at 20 min in the heliox group, there were no further significant improvements in %PEF until 8 h; in the heliox group, there was a significant improvement in %PEF at 20 min, it took the oxygen group 6 h to achieve a significant improvement. By the termination of the study, the oxygen group had improved such that there were no longer any significant differences between the groups, which suggests that the immediate and ongoing benefits of heliox may no longer be necessary. Improvements at 6 to 8 h after the start of therapy are most likely secondary to the delayed impact of corticosteroid therapy. 9 Inasmuch as physicians' assessments of airflow obstruction are commonly inaccurate, 17 and patients' subjective reports are also unreliable indicators of airflow obstruction, 18, 19 it has been recommended that airflow obstruction in patients with acute severe asthma should be objectively measured. 20 Although spirometry is the standard measurement of airflow obstruction, in patients with acute severe asthma, PEF may be easier to perform than spirometry. 8 Although PEF is effort dependent, it has been shown to correlate with spirometric FEV 1 . 21 Although the baseline variables suggest that the heliox group may have had more severe exacerbations of their asthma than did the oxygen group, only the RR was significantly different. This raises the possibility that the lack of significant improvement seen early in the oxygen group is related to lessened baseline severity. However, there were no significant differences at baseline between the groups for the objective measures of airflow obstruction by %PEF, oxygenation, or ventilation.
Heliox causes an underestimation of peak flow when measured by the peak flowmeter. Manthous et al 5 found that it was underestimated by a factor of 1.32. Because the main measurements were within the groups, calibrating the peak flowmeters would not change the very significant improvement in the heliox group and would only increase the differences between the groups.
The literature suggests that acute vocal cord dysfunction may mimic an acute asthmatic exacerbation and that more than half of patients with vocal cord dysfunction also have asthma. 22 Although the density properties of heliox may be beneficial in upper airway obstruction, there were no clinical data to suggest vocal cord dysfunction in our series.
It has been suggested that heliox might improve the rate of response to aerosol treatments, because heliox improves the lung retention of aerosolized particles. 23 In the heliox group, there was no further improvement in PEF until 8 h, despite continued treatment with a heliox-driven nebulized ␤-agonist. The rapid marked initial improvement in PEF in the heliox group and the lack of subsequent significant improvement in PEF until 8 h raises the possibility that during this period, nebulized ␤-agonist may not add any incremental benefit in acute severe asthma over heliox alone. In addition, the therapeutic ratio may be much higher with heliox, because there are well-reported side effects of ␤-agonists, 24 whereas there are no reported side effects with heliox. Further studies are needed to address this issue.
In conclusion, heliox rapidly improves airflow obstruction and dyspnea in patients with acute severe asthma and may be useful as a therapeutic bridge until the corticosteroid effect occurs. A larger study specifically designed to evaluate the prevention of intubation, the need for ICU monitoring, or the need for hospital admission is needed to more clearly define the role of heliox in the treatment of acute severe asthma in the emergency department and possibly the prehospital setting.
